Propionicacidemia
is a rare disease which usually presents in early childhood with severe ketosis, hyperglycinemia, hyperammonemia, and thrombocytopenia (1) . However, milder presentations of this disease may also occur (2) . Propionicacidemia is often called the "ketotic hyperglycinemia syndrome." A secondary means of diagnosis, measurement of glycine, has often been necessary in the past because the published methods for the measurement of serum propionate were technically difficult or required large sample size (3) (4) (5) (6) (7) (8) .
A method involving measurement of short-chain fatty acids in serum directly injected on a gas-chromatographic column has been published by Van der Berg and Hommes (9) . However, with this method we encountered a very short column half-life and frequently results were confusing because of pyrolysis of serum compounds at the injection port.
The following report describes a simple, semimicro method for measuring propionate and other free short-chain fatty acids in serum and urine. The method described is in many ways similar to a method used to measure short-chain acids in cheese extracts (10) . In the method of Whitehead et al. (11) an extraction procedure similar to the one described here is used, but the specified column-packing material unfortunately does not give as good separation of isobutyrate (which normally is present in serum in greater concentration than propionate) and has a much higher column bleed, reducing the signal/noise ratio. After testing most of the available column packing materials for short-chain fatty acids (3-11), we found that the column described, prepared in the manner indicated, has the lowest signal/noise ratio (low bleed) and gave by far the most consistent retention timesofany currently available. Concentrationsof propionatein serawere determined in newborns, older children, and normal adults. In addition, data on 10 patients with propionicacidemia and one patient with methylmalonicacidemia are provided.
Materials and Methods

Equipment
Gas chromatography.
Model 2100 and Model 3700 gas chromatographs (Varian Instruments, Park Ridge, Ill. 60068),equipped with flame ionization detectors, were used. The gas chromatographs had injector and detector temperatures of 260 #{176}C and 270 #{176}C, respectively. The oven temperature was programmed from 160 to 230 #{176}C at 5 #{176}C per minute and then held at 230 #{176}C for 12 mm. Acid-washed 2-m columns were packed with 3% Carbowax 20 M/0.5% H2P04 on Carbopack B (Supelco, Inc., Bellefonte, Pa. 10823) without any glass wool at the injector end of the column. The packing and washing of this column is described below. Carrier gas (N2) flow rate was 30 ml/min.
Mass spectroscopy. The presence of propionate in the patients' sera was confirmed by obtaining mass spectra under conditions similar to those used in the gas chromatograph.
Spectra were obtained with a computeroperated LKB-9000 mass spectrometer (LKB Instruments, Chicago, Ill. 60634) with gas-liquid chromatograph interface, operated at a source temperature of 270 #{176}C with an ionizing voltage of 70 eV. When concentrations in serum were below those for which scans could be obtained, the presence of propionate was confirmed by monitoring ions at mle 74, 57, and 45.
Reagents
All reagents, obtained from standard supply houses, were chromatographed independently to assure the absence of interfering peaks and were found to be satisfactory, except for n-valeric acid, which had to be redistilled. De-ionized water was redistilled in glass because of the presence of small amounts of propionic acid in the water lines. [U-'4CPropionate was obtained from New England Nuclear Corp., Boston, Mass. 02118. Approximately 20 cm of the column at the injector side was left empty. The column was washed with repeated injections of 10 Mi of water while being programmed from 160 to 240 #{176}C with a carrier flow of 30 ml/min. At least 30 injections were necessary on each of three successive days. Leaving the column at 240 #{176}C did not condition the packing material. The column was deemed ready when less than a one-half scale deflection of the recorder occurred at attenuator and range settings of 2 and 10_11 A/mV, respectively, during a temperature rise from 160 to 230 #{176}C. Repeated water injections, 5 to 10 Ml,were also required when the column was not used for several days. Between samples, the column was washed with 10 Ml of formic acid/water (10 to 20 ml of formic acid per liter) and 10 Ml of water. When not in use, the column was maintained at 180 #{176}C with carrier flow. When prepared and maintained in this manner, several hundred injections could be made before repacking was required. Column failure was indicated by broadening peak shapes and trailing edges to the peaks.
Preparation of samples.
Samples were obtained from normal adult volunteers and from patients with unrelated illnesses who were admitted for diagnostic workups. Serum, 0.2 ml, kept frozen at -20 #{176}C until analysis, was mixed with an equal volume of aqueous solution containing 10 or 20 g of redistilled n -valeric acid per milliliter. The sample was saturated with NaCl, acidified with 1 drop of concentrated HC1, and then extracted with five volumes of diethyl ether. ately before injection, the sample was again acidified with 25 or 50 Mlof HC1 (5 mol/liter). Results were calculated from the ratio of peak heights of the compounds to the internal standard. In the instance where a peak in the sample interfered with the internal standard, e.g., the serum from a patient with crotonicacidemia (12), a slightly different procedure was used. No internal standard was added. After the ether was removed under dry nitrogen, the volume remaining was measured. The value was then calculated from initial volume, final volume, and the peak height relative to a known standard run under identical conditions. Standard solutions of propionic acid and a standard mixture of acetic, propionic, butyric, isobutyric, isovaleric, and tiglic acids were prepared in water. Samples were mixed with the internal standard and prepared in the same manner as the samples from patients. Extraction efficiency was calculated by adding [U-'4Cpropionate to sera and extracting as described. Recoveries were calculated by adding known amounts of propionate to sera and measuring final concentrations.
Short-chain fatty acids were also measured in urine. Urine, 5 ml, was extracted with an equal volume of ether and then back-extracted into 0.5 ml of base. Although the results correlated with the serum values, there was greater variation, probably reflecting collecting methods. Our results for urine are not presented. 
Results
Standard curves derived by the described method are shown for propionic acid ( Figure 1A) for concentrations from 6.5 to 270 Mmol/liter, with 20 g of n-valeric acid Values from untreated patients with propionicacidemia are listed in Table 3 . No untreated patient had Crotonic acid
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per milliliter as an internal standard and from 1.5-6.5 mol of propionate per liter ( Figure 1B) , 10 g of nvaleric acid per liter serving as an internal standard. For five analyses of each of three samples in each of three concentration ranges, the CV was 5.6% between 1 and 10 Mmol/liter, 3.2% between 10 and 27 Mmol/liter, and 8.7% between 27 and 135 Mmol/liter. Without use of an internal standard, the CV was about 11-12% over the range from 1.7 to 27 Mmol/llter.
The extraction efficiency for propionate was about 97% (range 94.5-99%). Analytical recovery of added propionate was within a similar range (Table 2) .
Normal values for premature infants, children, and adults are shown in Table 1 . In most instances, mildly increased values for propionate in premature infants were associated with moderate increases in other fatty acids as well. In only one adult control did propionate in serum exceed 3.5 Mmol/liter. All 11 values for this person were in the range 4.8 to 5.7 Mmol/hter and may represent a heterozygote carrier for propionicacidemla. Fig. 2 . Gas chromatograph of a standard mixture of commonly encounteredfree short-chain fatty acids in serum
The order of elution is acetic acid, propionic acid, isobutyric acId, butyrlc acid.
2-methyl butyric acid, Isovalerlc acid, and valeric acid. Retention times we listed in Table 3 a value of less than 14 lLmol/liter. 
Discussion
The method presented allows rapid multiple determinations of short-chain fatty acids in serum or urine without the need for steam distillation or other complicated extraction procedures. It has an advantage over the direct injection of samples because it is more sensitive, produces fewer artifacts, and allows long-term use of the column, thus reducing time and cost. The normal ranges found agree well with those by other methods. It appears from our experience that this method is superior to the measurement of propionylglycine (13) in urine for the diagnosis of propionicacidemia. Measurement of 3-hydroxypropionic acid (16) and methyl citrate (17) is also useful in making a diagnosis of propionicacidemia.
It should be emphasized, however, that only the direct measurement of propionyl-CoA carboxylase (EC 4.1.1.41) activity will confirm the diagnosis. It must be noted that propionate may also be increased in patients with methylmalonicacidemia (Table 2 ) (14) and that mild elevations of propionate can occur nonspecifically in newborn infants. Because propionicacidemia is usually successfully treated with dietary restriction and/or biotin therapy (15) , the rapidity with which a diagnosis can be made may greatly influence the patient's prognosis.
